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♦ NOTICES * 

JPO and NCIPI are not responsible for £iny 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the semiconductor memory of a non- volatile. 
[0002] 

[Description of the Prior Art] The attempt which is going to substitute a semiconductor memory for the 
magnetic storage using a hard disk, a floppy disk, a magnetic tape, etc. is made in recent years. If it does 
in this way, since a mechanical mechanical component is removable from a store, it is more small, is 
more reliable, and is because a computer with more early the writing and read-out rate of data etc. is 
reaUzable. 

[0003] As a suitable semiconductor memory for this attempt, it is EE-PROM (Electrically 
Programmable-Read Only Memory) (there are Flash EE-PROM and NAND mold EE-PROM.) like an 
indication in reference ("latest edition VLSI process-data handbook" Science (1990. 331) forum, pp.82- 
86), for example. Since the eel area per bit is small compared with other things (i.e., since the cost per 
bit is low), promising *♦ especially of NAND mold EE-PROM is carried out. 

[0004] Any [ these ] EE-PROM was considered as the configuration which carried out the laminating of 
the insulator layer between the gate dielectric film used also as a tunnel oxide film on the silicon 
substrate in which the source field and the drain field were formed, the floating gate, and the gates, and 
the control gate to this order. And as a component of the floating gate, polish recon was used chiefly. 
[0005] In these EE-PROM, when the electron is poured into the floating gate, a data storage is 
performed considering the condition of data "1", and the case where it is not carried out, as a condition 
of data "0." impregnation of the electron to the floating gate is performed by pouring into the floating 
gate by impressing the high voltage (about [ For example, about twenty ] V) so that a control gate side 
may serve as forward between the control gate and a substrate in the hot electron which the channel was 
made to genei-ate by impressing a predetermined electrical potential difference so that a drain side may 
serve as forward between a drain and a substrate, on the other hand, drawing of the electron from the 
floating gate is performed by making gate dielectric film produce the Fowler-Nordheim electron current 
(henceforth "FN current") by impressing the high voltage (about [ For example, about twenty ] V) so 
that a substrate side may serve as forward between the control gate and a substrate. In addition, when 
supplying from the power source prepared separately, the pressure up of the electrical potential 
difference for impregnation of an electron and drawing may be carried out by the booster circuit which 
prepared only 5 V single power supply as an extemal power, and prepared this electrical potential 
difference in the interior of a chip like for example, NAND mold EE-PROM, and it may be supplied. 
[0006] 

[Problem(s) to be Solved by the Invention] However, any conventional EE-PROM had the trouble of a 
high electrical potential difference having been required, and taking the time amount for electronic 
drawing (henceforth "data blanking time") for a long time, when an electron was drawn out from the 
floating gate (henceforth "data elimination"). 

[0007] Considering that improvement in the endurance of a tunnel oxide fihn, derating of a power 
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circuit, etc, can be planned if data elimination can be performed more by the low battery, and 
implementation of storage which will cany oixt high-speed operation more if data blanking time is 
shortened can be aimed at, an improvement is desired, 

[0008] This invention is made in view of such a point, therefore it is in the purpose of this invention 
offering the semiconductor memory which can perforai data elimination in a low battery and a short 
time conventionally. 
[0009]. 

[Means for Solving the Problem] In order to aim at achievement of this purpose, according to this 
invention, in the semiconductor memory equipped with gate dielectric film and the floating gate on a 
semi-conductor substrate at this order, it is characterized by a work function constituting the floating 
gate from it of silicon vsith a small larger ingredient than that of gate dielectric film. 
[0010] It is suitable to use the ingredient chosen from the matter group which consists of a boride and 
carbide as the above-mentioned ingredient in implementation of this invention. 
[001 1] Here, for example, 6 hoe-ized strontium (SrB6), a 6 hoe-ized lanthanum (LaB6), a 6 hoe-ized 
cerium (CeB6), a 6 hoe-ized niobium (NbB6) 6 hoe-ized praseodymium (PrB6), 6 hoe-ized barium 
(BaB6), etc. can be mentioned as an example of a boride. Moreover, zirconium carbide (ZrC), hafiiium 
carbide (HfC), titanixim carbide (TiC), tungsten carbide (WC), vanadium carbide (VC), carbonization 
niobium (NbC), carbonization molybdenum (MoC), tantalum carbide (TaC), etc. can be mentioned as an 
example of carbide. Since each of these borides or carbide is chemically [ satisfy the conditions of an 
above-mentioned work function, and ] stable, it is suitable. In addition, if the need is accepted, you may 
also choose two or more kinds of matter. 

[0012] Moreover, although it is also possible as a component of the floating gate as used in the field of 
tfiis invention to use caesium (Cs), strontium (Sr), a potassiimi (K), Li (lithium), barium (Ba), thorium 
(Th), a hafnium (Hf), titanium (Ti), etc, it says from the point of chemical stability and an above- 
mentioned boride and carbide are more suitable. 

[0013] in addition, about what work function of an ingredient is chosen as a floating-gate formation 
ingredient If it carries out from the purpose which reduces the electrical potential difference for data 
elimination, and shortens data blanking time Although the ingredient in which a smaller value is shown 
within the limits of the conditions of the work function mentioned above is desirable, if a work function, 
on the other hand, chooses a not much sm^l ingredient The floating gate constituted from this 
ingredient, Smce the barrier height (barrier height) between gate dielectric film or the insxilator layer 
between the gates (insulator layer by the side of the control gate) becomes low, an electron is held in the 
floating gate, the purpose of forming a storage condition is spoiled and the dependability of this storage 
conditioius reduced again It is good to choose a proper ingredient in consideration of these points. 
[0014] 

[Function] Since the Fermi level of the part in which the work function constituted the floating gate 
from a larger ingredient smaller than that of silicon and than that of gate dielectric film, and this floating 
gate is shifted to a high energy side according to the configuration of this invention, the turmel distance 
in gate dielectric film becomes short compared with the conventional semiconductor memory which 
constituted the floating gate from silicon (in practice polish recon) (refer to drawing 2 (A) and (B)). This 
can be similarly said, when producing tunnel current between the flow TIGU gate and the msulator layer 
between the gates (insulator layer prepared between the control gate and the floating gate) and drawing 
out an electron to a control gate side. For this reason, in the semiconductor memory of this invention, 
even if it makes data blanking voltage small, desired FN current is acquired, data blanking voltage is the 
same as the former again, or even when low, some bigger FN cxirrentis than before are acquired. 
[001 5] Moreover, this is imagined also from the following thing. When JFN shows FN current, it is 
indicated by reference ("submicron device IP* Koyanagi Mitsumasa work, Maruzen Co., Ltd, (1988. 
1.30), p.29) that this is expressed with the following ( 1 ) type. 
[0016] 

JFN=AepsilonOX2 and exp (- B/epsilon OX) ... (1) 

However, in (1) type, it is A=q2 m/8pihphib m*, and B= [4 and (2m*) 1/2 and (qphib) 3/2 / 3q (h/2pi)], 
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and is epsilonOX:gate dielectric film (tunnel oxide film.) here. For example, Si02 Electric field, phib 
. which are impressed to the fihn : The barrier height between the floating gate and gate dielectrip fibn, 
m* : It is the effective mass of the electron in gate dielectric fihn. 

[0017] It is barrier height phib so that clearly from this (1) type. By making a value small, it turns out 
tiiat FN current can be enlarged, and is this phib. By maJcing a value small shows that electric-field 
epsilonOX in the case of voting to acquire FN current of the same magnitude can be made small. And it 
is barrier height phib from the case where silicon (in practice polish recon) constitutes the floating gate 
from this invention since the work fimction constitutes the floating gate from a larger ingredient smaller 
than that of silicon than that of gate dielectric film. Since a value becomes small, it can aim at reduction 
of data blanking voltage, and compaction of data blanking time conventionally, 
[0018] ^ . 

[Example] Hereafter, the example of the semiconductor memory of this invention is explained with 
reference to a drawing. However, each drawing used for explanation has shown the configuration, 
magnitude, and arrangement relation of each constituent roughly to extent which can understand this 
invention. 

[0019] 1. The structure explanatory view 1 is a sectional view having shown the important section of the 
semiconductor memory of an example. However, illustration of the constituents (for example, insulator 
layer for separation between components etc.) considered to be unnecessary by explanation of this 
invention is omitted (in the following drawing 3 and drav/ing 4 , it is the same.). 
[0020] While equipping the silicon substrate 1 1 as a semi-conductor substrate with the source field 13 
and the drain field 1 5 and equipping this order with the insulator layer 21 between the gates and the 
control gate 23 for insulating electrically between the gate dielectric film 1 7 which serves also as a 
tuimel oxide fihn on this silicon substrate 1 1 fiirther, the floating gate 19, the floatmg gate, and the 
control gate, the 6 HOU-ized lanthanum (LaB6) constitutes the floating gate 19 from the semiconductor 
memory of this example. 

[0021] Although gate dielectric film 17 and the insulator layer 21 between the gates are not restricted, 
suitable ingredient, for example, this, they can consist of silicon oxide or a silicon oxidation nilride (it 
mentions later for details.). Although the control gate 23 is not restricted, either, suitable ingredient, for 
example, this, it can constitute from poHsh recon. 

[0022] LaB6 If it thinks in an example since it shifted to the high energy side, when silicon oxide or a 
silicon oxidization nitride constitutes gate dielectric fibn 17 from the conventional semiconductor 
memory in which the Fermi level of the floating gate 1 9 constituted the floating gate from a 
I semiconductor memory of this example with silicon (in practice poUsh recon) since the work fimction 
I was 2.8eV, it is barrier height phib between th^se floating gatei^.l9 and gate dielectric film 17. It is set to 
about 1 .9eV. On the other hand, since the "work fuiictidn of siUcon is 4.05eV when the floating gate is 
constituted from silicon (polish recon) in the configuration of dravnng 1 (henceforth '*the example of a 
comparison"), it is this barrier height phib m this case. It is set to about 3. leV. Although barrier height 
phib =1.9eV obtained with the equipment of this example is small compared with 3.1eV ofthe example 
of a comparison, since it is fully large compared with the energy (41meV) which an electron has at the 
temperature of 200 degrees C, in order to make an electron hold to the floating gate 19 in the operational 
temperature range (<200 degree C) of the equipnient of this example, it is sufficient barrier height. 
[0023] It seems that it becomes a thing as shown in drawing 2 (A) if the band Fig. in each is one of the 
things of an example, and it is shown in drawing 2 (B) here if it is in the thing of the example of a 
comparison when data blanking voltage is impressed by making a substrate side forward between the 
control gates and tiie substrates of each semiconductor memory of these examples and the example of a 
comparison. That is, tuimel distance tA in the equipment of an example Tunnel distance tB in the 
equipment ofthe example of a comparison It becomes short. For this reason, in the semiconductor 
memory of an example, even if it makes data blanking voltage small, he can xmderstand that desired FN 
CQrrent is acquired tod FN current bigger even when low than before is conventionally acquired for data 
blanking voltage somewhat again. In addition, in dravmig2 , the number shown in drawing 1 to the part 
equivalent to the part equivalent to the control gate, the part equivalent to the insulator layer between the 
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gates, a substrate etc. and the same number are attached, respectively. However, 31 has shown the 
floating gate which consists of polish recon in drawing 2 (B) and (the example of a comparison). 
[0024] Moreover, the above barrier height phib in each equipment of an example and the example of a 
comparison When a value (1.9eV and S.leV) is assigned to above-mentioned (1) type and the FN 
ciurent JFN in both is computed, respectively, in the case of an example, it is 9.3x10-12 A/cm2. It 
becomes and, in the case of the example of a comparison, is 5.7x10-12 A/cm2. It becomes. However, 6 
MV/cm of extent usually used with this kind of semiconductor memory is used for the value of electric- 
field epsilonOX in (1) type in this count. It turns out that 9.3 / 5.7**1.63 times as many FN current as 
this is acquired from the example of a comparison for the example so that clearly from this count result. 
Also from this, with the semiconductor memory of an example, even if it is the case where desired FN 
current was acquired and data blanking voltage is conventionally made low somewhat again even if it 
made data blanking voltage small, he can understand that bigger FN current than before is acquired. 
[0025] 2. **** of an approach of operation - although the semiconductor memory of this invention can 
be operated by the same approach as conventional equipment, it performs that explanation to below 
simply. 

[0026] 2-1.1 drawing 3 [ of ****** of operation ] (A) - (C) is drawing with which explanation of 
****** of operation of 1 is presented. When pouring in an electron to the floating gate 19, while 
impressing die predetermined electrical potential difference VDW between the drain field 15 and the 
source field 13 (substrate) and making a chaimel 41 generate a hot electron 43 in this approach as shown 
in drawing 3 (A), it is the predetermined electrical potential difference VG between the control gate 23 
and the source field 1 3 (substrate). It impresses and the above-mentioned hot electron 43 is poured into 
the floating gate 19. Moreover, it is the predetennined high voltage VE so that the control gate 23 side 
may serve as negative between these and the control gate 23 by making a substrate 11, the source field 
13, and the drain field 15 into a connection condition as shown in drawing 3 (B) when drawing out 
outside the electron poured into the floating gate 19. It impresses and an electron is drawn out from the 
floating gate 19 to a substrate 1 1 side. However, in this invention, it is an electrical potential difference 
VE. Compared with the electrical potential difference (about twentyv) needed conventionally, it is low, 
and ends. Moreover, when data were read, as it was shown in drawing 3 (C), it is the electrical potential 
difference VG usual to the control gate 23. Electrical potential difference VD usual to the drain field 15 
again It impresses, respectively. Electrical potential difference VG Since the effects on a substrate differ 
by whether the electron is poured into the floating gate 19, a transistor turns them on by this condition 
situation, or they serve as as [ OFF state ]. The data of this bit read "1" and "0" according to the on-off 
condition of this transistor. 

[0027] 2-2. 2 drawing 4 [of ****** of operation ] (A) - (C) is the explanatory view of other approaches 
of operation. However, impregnation ( drawing 4 (A)) of the electron to the floating gate and reading of 
data ( drawing 4 (C) is the same as the approach explained using drawing 3 .) It differs from the 
approach by which the point drawn out to the control gate 23 side explained the electron poured into the 
floating gate 19 using drawing 3 . It is the predetermined high voltage VE so that the control gate 23 
side may specifically serve as forward between these and the control gate 23 by making a substrate 1 1, 
the source field 13, and the drain field 15 into a connection condition, as shown in drawing 4 (B). It 
impresses and an electron is dmwn out from the floating gate 19 to the control gate 23 side. However, it 
is an electrical potential difference VE also in this case. Compared with the electrical potential 
difference (about twentyv) needed conventionally, it is low, and ends. The band Fig. of the 
semiconductor memory of the example in the time of the electronic drawing of 2 of this ****** of 
operation (washout mode) was shown in drawing 5 by the notation approach of drawing 2 , and the same 
notation approach, 

[0028] 3. In order to deepen an imderstanding of explanation of the manxifacture approach, next this 
invention, explain an example of the manufacture approach of the semiconductor memory of an example 
which used and explained drawing 1 . Drawing 6 (A) - (D) and drawing 7 (A) - (D) is process drawing 
with which the explanation is presented. The sectional view has shown any drawing. 
[0029] First, it forms in the predetermined part of a silicon substrate 1 1 insulator layer 5 1 for separation 
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between components by the well-known approach, and the surface concentration of the active field of a 
substrate 1 1 is prepared to a predetermined value ( drawing 6 (A)). 

[0030] after [ next, ] defecating this silicon substrate 1 1 fi-ont face - this substrate front face - for 
example, the oxidizing [ thermally ] method the object for gate-dielectric-film formation - thin fihn 
1 7x are formed in lOnm thickness ( drawing 6 (B)). 

[0031] next, these thin film 17x top for gate-dielectric-fihn formation - the object for 
FUROTINGUGETO formation - as thin fihn 19x - this case - LaB6 A thin film is formed in lOOnm 
thickness ( drawmg6 (C)). At this example, it is LaB6. It is this LaB6 by the spatter which used the 
target. Thin film 1 9x are formed. 

[0032] next, this LaB6 thin film 19x top - the object for the insulator layer formation between the gates 
- an oxidation nitride is formed in this case as thin film 21x ( drawing 6 (D)). These fihn 21x are LaB6. 
It is NH3 as material gas first on fihn 19x. And SiH4 After thickness forms the silicon nitride (not 
shown) which is 30nm with the used CVD method, it forms by heat-treating this in an oxygen ambient 
atmosphere, and using this silicon nitride upper part as an oxide fihn. 

[0033] next, these thin film 21x top for the insulator layer formation between the gates - the object for 
control gate formation ~ as thin film 23x -- nin this case+ The polish recon film is formed in 200nm 
thickness with a CVD method ( drawing? (A)). 

[0034] Next, it forms with a well-known Holography technique on thin film 23x for control gate 
formation, the mask (not shown), for example, the resist pattern, at the time of gate electrode processing, 
then, CF4 the used reactive-ion-etching method - the object for control gate formation - thin film 23x 
and the object for the insulator layer formation between the gates — thin film 21 x are etched 
alternatively, respectively, and the control gate 23 and the insulator layer 21 between the gates are 
obtained, respectively, then - for example, the ion milling method using Ar (argon) - LaB6 fihn 19x 
and the object for gate-dielectric-film formation - thin film 17x - respectively - alternative - etching - 
LaB6 from - the floating gate 19 which changes, and gate dielectric film 17 are obtained ( drawing 7 
(B)). 

[0035] Next, it is acceleration energy 40 KeV and 5xl015/[ of doses ] cm2 about Lynn by ion- 
implantation. To impregnation, heat treatment is carried out to this silicon substrate 1 1 for 30 minutes at 
the temperature of 950 degrees C to this silicon substrate at a pan by conditions, and the source field 13 
and the drain field 1 5 are obtained, respectively ( drawing 7 (C)). 

[0036] Next, formation of an interlayer insulation film 53, formation of the KONTAKU hole 55 to this, 
and formation of wiring 57 are performed by the well-known approach, respectively. Thereby, the 
semiconductor memory of an example is obtained ( drawing 7 (D)). 

[0037] In ****, although the example of the semiconductor memory of this invention was explained, 
this invention is not restricted to an above-mentioned example. 

[0038] For example, an above-mentioned example is LaB6. It was the example which used and 
constituted the floating gate. This is LaB6. It is because a work fimction is chemically stable and 
membrane formation is also comparatively easy the work function low again also in the boride which 
fiilfiUs the conditions of the work fimction as used in the field of this invention. However, the ingredient 
for constituting the floating gate is not restricted to this. 

[0039] Moreover, ui *♦**, although the example which applied this invention to EE-PROM in which 
thickness has uniform gate dielectric film was explained, some gate dielectric fihn can apply this 
invention also to the semiconductor memory of other molds, such as EE-PROM of the mold which is 
made thinner than other parts and uses this part made thin as a tunnel oxide film. 
[0040] 

[Effect of the Invention] Since the work fimction constituted the floating gate firom a larger ingredient 
smaller than that of silicon and than that of gate dielectric film according to the semiconductor memory 
of this invention so that clearly also firom the explanation mentioned above, barrier height between the 
floating gate and gate dielectric film and barrier height of the floating gate and the insulator layer 
between the gates can be made low compared with the caSe where the flow TIGU gate is constituted 
firom silicon. Therefore, when drawing out an electron firom FUROTINGUGETO to a gate-dielectric- 
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film side, either in the case of drawing out to the insulator layer side between the gates can aim at 
reduction of data blanking voltage, and compaction of data blanking time conventionally. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the semiconductor memory of an example. 
[Drawing 2] (A) And (B) is drawing with which explanation of an example and the example of a 
comparison is presented, and is a band Fig. at the time of the washout mode in each example equipment. 

Prawing 3] (A) - (C) is drawing with which explanation of ****** of the semiconductor memory of an 
example of operation of 1 is presented. 

[Drawing 4] (A) - (C) is drawing with which explanation of ****** of the semiconductor memory of an 
example of operation of 2 is presented. 

[Drawing 5] It is a band Fig, m the washout mode of 2 of ****** of the semiconductor memory of an 
example of operation. 

[Drawing 6] (A) - (D) is process drawing showing the example of a process of the semiconductor 
memory of an example. 

Prawing 7] (A) - (D) is process drawing following drawing 6 which shows the example of a process of 

the semiconductor memory of an example. 

Pescription of Notations] 

1 1 : Serai-conductor substrate (silicon substrate) 

13: Source field 

15: Drain field 

1 7: Gate dielectric film (it serves also as a tunnel oxide film.) 
1 9: LaB6 The constituted floating gate 
2 1 : The insulator layer between the gates 
23: Control gate 

31 : The floating gate constituted fi-om polish recon 
41: Channel 
43: Hot electron 



[Translation done.] 
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